Occupational injuries represent a major problem in public health with serious social and economical consequences [1] [2] [3] [4] . The annual incidence rate of occupational injuries with sick leave is about 4% for workers in the compensation system "Régime général de sécurité sociale" which covers 17.2 million working people 4) . Railway firms employ a lot of workers in various countries. In France, the railway firm employs 184,000 workers, and its annual incidence rate of occupational injuries with sick leave is also about 4%. Preventive measures are therefore necessary to reduce the injuries, and they should concern work conditions [5] [6] [7] , but also training 8) , living conditions (smoking [8] [9] [10] [11] [12] , alcohol use [11] [12] [13] [14] , physical activities 12, 15) , body weight 16, 17) , sleep disorders 16, 18, 19) , health status and disabilities 7, 20) , and other risk factors such as young age 7, 8, [21] [22] [23] , job knowledge and experience 8, 21, 24) , risk perception, personality and behavior [25] [26] [27] ). But these risk factors have been identified in few specific populations only, and it is difficult to generalize and apply the findings to other populations. Although a study on employed people from a French general population confirmed the role of jobs, young age, body weight, smoking, alcohol use, and presence of a disease 7) we wonder whether these factors also play a role in various jobs and various types of occupational injuries in railway workers. Indeed, the jobs and working conditions, their effects on living conditions, health status 28) and physical and mental disabilities, and the mechanisms of occupational injuries could greatly differ between various professional activities. The findings would be an important contribution to knowledge as the railway firm employs a lot of workers with a lot of different jobs and work conditions. Furthermore, it is also important to assess the roles of frequent change in the work environment, job dissatisfaction and different types of disabilities (physical disabilities, hearing and vision disorders). This study aimed at assessing the roles of young age, body mass index, training, experience, frequent change in the work environment, request for a job change, sleep disorders, physical disability, hearing and vision disorders, smoking habit, alcohol use, and physical activities in different types of occupational injuries and for various jobs in French railway workers. Note that injuries due to falls were investigated in a separate paper by Gauchard et al.
12)

Materials and Methods
Subjects
This case-control study was conducted on male workers from twenty-three establishments in the French Railway National Society (SNCF), followed up by voluntary occupational physicians: about 33,000 workers. The occupational physicians follow up and see all the workers in the firm through the yearly medical examinations or the consultations before returning to work after a disease or an injury. In addition, they examine the workplaces and the work conditions. The cases were recruited by occupational physicians at consultations before returning to work after an occupational injury, and the controls at yearly medical examinations. Males who had worked for 3 yr or more in the firm and who had had at least one occupational injury with sick leave and were seen by the occupational physicians between 1 March 1999 and 29 February 2000 were the cases. Fatal accidents were excluded (there were seven fatal accidents during 1999 among all the staff of the SNCF). The controls were also male workers who had worked for 3 yr or more in the firm, but who had not had an occupational injury with sick leave during the previous 3 yr. To each case was paired one control having the same job, from the same department; he was the first subject satisfying the selection criteria examined by the same occupational physician. It should be noted that, among the subjects contacted, only four refused. Altogether, 1,305 cases and 1,305 controls were recruited; 65 other cases without controls (5%) were excluded from the study. The time interval between the recruitment of a case and that of the corresponding control was relatively short (zero values 13.3%, geometric mean (95% CI) of values different from zero 32.8 (30.3-35.9 ) d). The delay was mainly due to the matching criteria.
Study design
The survey used a standardized questionnaire, administrated by the occupational physician in the presence of the subject. It asked date of birth, weight, height, educational level, post-vocational training and vocational safety training during the previous 5 yr, job coded according to the classification of the firm 29) , years in present job, work environment changes (physical environment and/or activities), job dissatisfaction defined by "requesting a job change", smoking habit, alcoholic drink consumption (nearly every day), sporting activities, do-it yourself and gardening activities, sleep disorders (defined as less than 6 h sleep per day and/or "not sleeping well" and/or regular consumption of sleeping pills), physical disabilities, hearing disorders, poorly corrected vision disorders, and a description of the last accident and its consequences for the cases. Physical disabilities as well as hearing and vision disorders were confirmed by medical examination. The factors considered concerned the period of the accident occurring for the cases and the period of interview for the controls. For each pair (case and control), the questionnaires were administrated by the same occupational physician.
The jobs were grouped into nine categories: commercial employees, mechanical maintenance operators, railway maintenance operators, other jobs of conception, construction and maintenance, transport production operators, circulation operators, shunting and logistic operators, train drivers, and others. Six types of injuries were considered: falls, injury by handling objects, physical exertion and pain due to a movement, tool handling and mechanical repairing and maintenance, collision with/by objects and fall of objects, and others.
The present survey was approved by the "Commission Nationale de l'Informatique et des Libertés". The subjects involved had previously been informed of the objectives of the study, and had given their written informed consent.
Statistical analysis
The quantitative variables, i.e., age, years in present job, and hours of sleep per day were dichotomized into two classes according to our hypotheses, the results from our previous studies and those from other investigations. To assess the relationships of the various factors to the injuries, their crude odds ratios (OR), their 95% confidence intervals (CI), and the Mc Nemar's χ 2 test for matched data 30) were computed. Adjusted OR were then calculated by means of conditional logistic regression for paired data with and without the stepwise forward procedure 30) by taking into account only the factors having crude OR with p<0.10. The logistic regression method was used to examine the roles of the factors considered in sick leave of 8 days or more in injured workers 30) . All the analyses were performed with the Stata program 30) .
Results
The sample included 1,305 injured workers and 1,305 controls. The injuries were due to falls (35.7%), handling objects (19.5%), physical exertion and pain caused by a movement (17.8%), tool handling and mechanical repairing and maintenance (9.3%), collision with/by objects and fall of objects (7.7%), and others (<10%). Table 1 shows that the distribution of the types of injuries differed according to the job category. Falls mainly concerned train drivers, commercial employees, circulation operators, and transport production operators; the physical exertion and pain due to a movement concerned railway maintenance and circulation operators; and tool handling and mechanical repairing and maintenance concerned mechanical maintenance operators. The main lesions were sprain or dislocation (23.7%), contusion (23.6%), wound (20.3%), vertebral column traumatism (17.9%), muscle tearing (13.2%), fracture (9.5%), crushing (8.5%), foreign body (2.3%), burn (1.5%), psychological trauma (1.4%), malaise (1.2%), others (4.7%). They concerned the hands Table 2 . Significant crude OR were found for young age (<30 yr), 5 yr or less in the present job, no postvocational training during the previous 5 yr, request for a job change, sleep disorders, current smoker, and no doit-yourself or gardening activity. Similar values were found for adjusted OR of these factors but they only remained significant for young age, 5 yr or less in the present job, sleep disorders, current smoker, and no doit-yourself or gardening activity (Table 3) . Table 4 shows that the role of the factors considered varied with the types of injuries. Falls were related with request for a job change, smoking habit, no sporting activity, and no do-it-yourself and gardening activity. The injuries from handling objects were related to young age, those from physical exertion and pain due to a movement also related to young age and sleep disorders, those from handling tools, mechanical repairing and maintenance to 5 yr or less in the present job, collision with/by objects and fall of objects related to the smoking habit. Table 5 reveals that the influence of the factors studied differed according to the various jobs. Five yr or less in the present job was a common risk factor for commercial employees, mechanical maintenance operators, and workers with the jobs in conception, construction and maintenance other than mechanical and railway maintenance operators. Smoking had a role in affecting mechanical maintenance operators, railway maintenance operators and circulation operators; no sporting activities in commercial employees and train drivers; sleep disorders only in circulation operators; and overweight in workers with the jobs in conception, construction and maintenance other than mechanical and railway maintenance operators.
Among the injured workers, sick leaves of 8 days or more were more frequent in current smokers (adjusted OR 1.64, 95%CI 1.14-2.36) and overweight subjects (body mass index ≥30 kg/m 2 , adjusted OR 1.35, 1.01-1.60). 001 . a Not computable due to small number of subjects. In order to simplify the table, the results for the transport production operators, the shunting and logistics operators, and the group other jobs (see Table 1 ) because there was no significant factor.
Discussion
The present study shows that occupational injuries affected all job categories but young age (<30 yr), 5 yr or less in the present job, request for a job change, and certain living conditions-related factors such as sleep disorders, smoking, no do-it-yourself or gardening activity increased the risks. Furthermore, the types of injuries were related to job category. Note that the annual incidence rate in French railway workers is similar to that for the general compensation system "Régime général de sécurité sociale" (4%).
The investigation was a case-control study; the cases were workers who had had at least one occupational accident with sick leave, and the controls those who had not had an occupational accident during the previous 3 yr. It did not include temporary workers as it only included subjects having worked for 3 yr or more in the firm. Fatal accidents (7 in 1999 for all the staff of the firm) were also excluded on account of the protocol of the study (questionnaires administrated by the occupational physician in the presence of subjects). As the occupational physicians carefully explained the objective of the survey to the workers, only four subjects refused.
For each pair (case and control), the questionnaires were administrated by the same occupational physician to avoid bias due to interviews. The time interval between the recruitment of a case and that of its control was relatively short. The delay was mainly due to the matching criteria. The factors considered concerned the period of the injury occurring for the cases and the period of interview for the controls. It should be noted that the definition of alcohol consumption did not concern excess consumption, but included moderate consumption. The body mass index was determined at the time of the interview and not at the time of injury. We believe that it did not greatly vary between the two periods for most subjects as only 13.8% of the cases had sick leaves of more than 30 d. Furthermore, hardly any of the injured subjects had been hospitalized or had a disability due to the injuries, and most had returned to work by the time of interview. It would be possible to use the body mass index at the previous yearly medical exam, but the time interval from then until occurrence of the injury was generally too great (up to 12 months).
Although the study was conducted on a large sample, the number of subjects gathered was relatively small, especially for certain types of injuries and for some job categories. This results in a lack of power for statistical tests, and consequently, interpretation of the results has to be cautious.
It is well known that accident risk depends on the job 5) . The role of the job (which is a matching criterion) was not investigated in this study. In the same way the work conditions (which are the main causes of injuries) were also not studied. Indeed, it is difficult to investigate in a same case-control epidemiological study the role of both work conditions and individual characteristics, and their interactions. The questionnaire would be too complex due to the number of factors. Thus, we preferred to limit this study mainly to individual characteristics and some job-related factors.
This study reports that three main types of occupational injuries, falls, handling objects, and physical exertion and pain due to movement, represented 73% of the injuries. The relationships found between the type of accident and job category pointed out the risks due to the work conditions for various jobs. Falls affected all categories of workers but mainly train drivers, commercial employees, transport production operators, and circulation operators. Transport production operators and circulation operators work on the railway lines and platforms where the ground or floor are often irregular, wet, or dirty due to the presence of contaminants such as oil and dust. The risks are also due to the presence of stones, snow or ice on the ground and a lack of lighting at the workplaces. Several studies have shown the role of contaminants in falls 31) . Train drivers are exposed to another risk which is related to their job: they have the highest risk of injury due to bad landing from a vehicle by stairs or steps which is a complex locomotor task; they are seated in the same position in the cab throughout the day; a modification of muscular activation and somatosensory control after a long period in the same posture can generate muscular response disorders 12) . The injuries caused by physical exertion and pain due to movement affected more of railway maintenance operators and circulation operators. This was also explained by their tasks; they often handle big and heavy objects in an environment at risk (ground often wet, steep, presence of snow, ice, bad weather, etc.). In particular, injuries from tool handling and mechanical repairing and maintenance were found to be more common in mechanical maintenance operators. An important finding was that other types of injuries, especially the handling of objects, collisions with/by objects and fall of objects, similarly affected all job categories.
Regarding age groups, a higher risk was found in subjects aged less than 30 yr. This observation was also reported by other investigators 7, 8, [21] [22] [23] . Many workers begin working at an early age and often without safety training. Young age is also associated with a lack of experience which predisposes to the occurrence of injuries 21) . It could also be associated with a lack of job knowledge and know-how. Indeed, a study also on French railway workers showed that the occupational injuries in young subjects were due more to lack of job knowledge and know-how than the other subjects, and no significant differences from older workers were noted for environmental factors, technical problems, work organization, and other factors 6) . This finding highlights that training is necessary, but training and experience cannot eliminate injuries when the risk is high 32) . The present study showed that 5 yr or less in the present job played a role in occupational injuries. A higher risk in the first years in a job has also been reported in other studies 21, 24) . This evidences the role of lack of experience or work environment awareness independently of age.
For sleep disorders, our finding confirms the results of some investigations which concerned truck drivers 16, 18, 19, 33) and construction workers 34) . Sleep disorders act on fatigue, vigilance, ability in assessing or watching the work environment and work conditions 18) . As expected, requesting a job change also played a role in occupational injuries. As sleep disorders it could also reduce vigilance. It was involved in causing falls through imbalance caused by the presence of an event or object unbalancing the worker. The role of vigilance is well known in task execution and postural regulation 35, 36) . Lack of attention modifies the efficiency of task execution and motor response 36) , and increases the risk of falls 37) . The worker cannot anticipate destabilization, and consequently postural adjustments are reactional and insufficient to regulate posture.
Physical disability was also found to be a risk factor although it was not significant due partly to the relatively small number of subjects with disability. This would indicate a possible increase in occupational injuries in the coming years as the frequency of people with disabilities increases due to ageing of the population and to extension of the age of retirement from active life. In contrast to the finding by Zwerling et al. 20) with a bigger sample, hearing disorders did not appear as a risk factor in our study. A higher risk was not found for workers with poorly corrected vision disorders.
No significant risk of various types of injuries was observed in subjects who used alcohol nearly every day, but an adjusted OR of 6.17 (95% CI 1.36-28.0) was found in the same subjects for falls due to bad landing on a floor, but not for other types of falls 12) . Note that in this study the type and the amount of alcoholic drinks were not determined. Wells found a relationship between alcohol use and work injuries but it was significant for younger age groups (15-24 and 25-34) and nonsignificant for older age groups 13) . Significant differences were observed for fatal injuries in construction workers in the proportion of victims having high blood-alcohol levels, depending on whether the injury was workrelated 14) . On the other hand, Kalmijn et al. observed a link between alcohol consumption and increased psychomotor speed and better flexibility, especially in women who drank alcoholic beverages 1-4 times a day; they suggested that moderate alcohol consumption may be regarded as a proxy for outgoing and social behavior, which could be related to better cognitive function 38) . This study confirms that workers practicing physical activities had reduced risk of occupational injuries. This suggests that they have better physical abilities and agility at work. Simon-Rigaud showed that people having physical activities had less industrial injuries and less sick leave than sedentary people; in addition, the duration of absences was shorter 15) . In the present study, sporting activities and do-it-yourself and gardening activities were found to especially reduce the risk of falls. Sport and physical training improve the quality of postural control [39] [40] [41] by developing neurosensorial information sensitivity which promotes anticipatory postural adjustments. Practicing physical activity allows faster detection of destabilization and the organization of compensatory mechanisms to avoid falls.
In this study, no significant influence was found for the education level, vocational training, post-vocational training, and safety training. This was also observed by other authors who consider that training cannot eliminate injuries when the level of hazards is high and when the use of reliable techniques and safe work organizations is insufficient 32) . This finding suggested that further studies should be carried out on the appropriateness of safety training programs.
Concerning current smokers, the higher risk found in our study was consistent with the results from some other authors [8] [9] [10] [11] . The value of the adjusted OR (1.27, 95% CI 1.04-1.54) was similar to that found by Ryan et al. 9) Heavy smokers had a higher frequency of "major" work injuries than other people 11) . Smokers were found to take more sick leave than non-smokers 42) . In our survey, the smokers had an especially higher risk of falling and colliding with/by objects and having objects fall on them. Smoking affects physical functions, particularly balance 43) and the integrative functions 44) . Gaze and posture stabilization are particularly affected by nicotine due to its effects on the vestibulo-ocular and vestibulo-spinal reflexes 45) . Smoking could therefore impair balance reaction due to imbalance. Current smokers would have reduced psychomotor speed and reduced cognitive flexibility 38) . Our study reveals that the roles of the risk factors studied varied with jobs and work conditions. Five yr or less in the present job was a marked risk factor for several jobs, namely commercial employees, mechanical maintenance operators and jobs related to conception, construction and maintenance other than railway maintenance operators. This was consistent with the results of a previously quoted study also on French railway workers which reported that young individuals had more injuries due to lack of know-how and job knowledge 6) . Smoking habit was also a risk factor for several jobs: mechanical and railway maintenance operators and circulation operators. Sleep disorders appeared to affect circulation operators more, and overweight workers with jobs in conception, construction and maintenance other than mechanical and railway maintenance. No sporting activity was a risk factor only for commercial employees and train drivers. This could be explained by the relationship between sporting activity and falling which represented more than 50% of the injuries in these two job groups.
This study reveals that overweight and the smoking habit are correlated with prolonged sick leave. A study on construction workers found that prolonged sick leave was associated with sleep disorders 34) . There were however some similarities between the results of these studies as, previously stated, both factors, sleep disorders and smoking, alter the abilities of the workers. These findings suggest that further studies are needed to investigate why overweight people and the current smokers have more severe injuries.
In conclusion, this study reports that the causes of occupational injuries depend on the job, and measures to prevent falling should be made, especially for train drivers, commercial employees, circulation operators, and transport production operators; those to prevent injury caused by physical exertion and pain due to movement in railway maintenance and circulation operators; and those to prevent injuries caused by tool handling and mechanical repairing and maintenance for mechanical maintenance operators. Training in handling objects is necessary for young workers and for all workers in their first years on a job. Our results suggest that young age, inexperience, job dissatisfaction, overweight, sleep disorders, smoking habit, no sporting activities, and no do-it-yourself and gardening activities play a role in occupational injuries, and their influence differs according to the job. Preventive measures concerning work conditions and these factors could be conducted for all railway workers, and especially for workers most at risk. The occupational physician could, during the medical examinations make workers more aware of the known risks and encourage them to improve their living conditions.
